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COLD MOIIERATORS FOR SI]ALLAION S(X!RCES

A. T. I.uctis, Rutherford Appleton lAxmi[ory
11, Robinson, LANSCE

ABSTRACT

Moderators using liquid and solid methane and liquid hydrogen are currently in use w

major spallation neuwon sources. Los Alamos Neutron Scmering Ccn[er (lANSCIi) is

planning the use of liquid nwhane as part of a major updare program planned in about Ihrec

ytxs time. Illis repcm presems a geneml overview of some of diese devices and oudines

the gencril engineering design of the proposed LANSCll rnodem[or, including some

suggested .soiu[ions 10 he radiwion damage protdcms of mex.lwne. Also included is a blief

overview of a possible combined I]~C~ modwzuor for high intensity proton beams. Ilis

is covered in mm detail in d sepwme ptiper

I. GF:NfxAla OVER \’lEw

Argonne Na[ionul Latxmtory has two liquid mid onc solid methane mcxkritors.

1“’[hick aluminum with it }6” wiIll‘Ilw solid nmdcra[or i:; a fcxun-fil!ed vessel of ~

thickness nt [hc viewed FWC. Cooling is provided by ii IICM cxclumgcr coil ~iirryillg

cold helium giL$from a Koch model I W) wfrigcriimr.

‘Ilw two liquid nxxicriims opcrim in fi clwxi kmp using a room Wmpcrwum

pnsi[ivc -dkplii~~ll~l)l puI~Ip, Ail IhC []~~hiil]c is Wiirild Up I() room ICIIIpCfiIIUtW ii~

il Iwll CXCtliUlgCr, which subscqucnlly rcc(nds [k fluid (m ils rc.lurn 10 Ihc. mnin

!(x~p (UI ~il~ll Piiss. A liquid -nim)~:cn :( M)ltd Iwlium loop,” uS(X1I() ~(M)l i~ rcllccww,

ill S() sul)plirs ii SU”oll(lilry l(M)p 011 ils rrlunl kg, which in [urn L’(M)IS IIIC II Kltlillll’

l]~il[ ~xk”liiui~~rs. SU[WK(X}l14 ]i(luid IIICIII;IIICk(l 10 [k lll(Mh”ril[(WS.iS k“nq)crillurc

U(N1[IOIIC(I I)y Vilrvillfi Il:t tlo W rilk ofll)l(l Ilcliulll ~il!i llllllU~ll IIN? llL!lillll’Jl lkll~illlt’

Ilr:l[ (’xl”tl:lll~(’1”, ‘1”11~ IIWIII;IIIC is Illililll;lillt”ll ill ;1 [11’1”SS111!”11[”j !?’11”;I!l:; l)lll[r, W“t-

I’ll’.. I

lil” Ns ;ll\() ll;l\ ii ‘d)llll Illl”ltl;lll(’ Illlml(’l;lll)l 111;11l\ (Illt”(”llv (’()( )1(’11I)y ;1 11( ’1111111

(’11 (’111[, 111( ’111(1111)1. ,1 Irlllp,t”ldlol, 1’11(’ Ill(lll(”lilllll I’1 ;111;Illlllllllll[ll i’;llll\l(”l (’0111;1111111}’,



four pld[eS, dbOUl 10 111!11 ilpl [hill MC in CIMllilCl wi[h lIW L’(M)ICIIsi(l~’s ot”lt)~m\’1’s\L’l

to iissis[ hca[ tmsfer from k mc[hanc, scc l~ig. 2.

ISIS hus ii liquid-hydrogen md u liquid-methane modcrii~lw, whi~.h Ium.[itm M

completely indcpcmkml syskms. ‘1’hc hydrogm syskm W:M dcsigmxl [(~(q)c’r,i[c ill

[hc supcrcri[ical region w 25 K id 15 bar id-w)lu[c pressure.. 1Iowcvc.r, [IIC ~.urr~’nl

opcmting pressure is iibOUl H h ilbSOIUtC sinw no boiling problcnls h:lvc I)ccll

obstmed. Ile rclrigcriuor is built by Sukr and Wils m oil-tree recipr(w:l[iilg

compressor iind [w(~-series-c(~n[~cc[cd high-spcwi mrhincs. Tc[npcr;uuru Lxm[n)l is

pmvikl by an clcc[ricd healer in [hc helium rcfrigcr-m cixui[ powm.d in rc’slx)[;s(’

[o u gcnnimium di(nlc sensor in lhc hydrogen I(xyl :Ind p~wcrcd lhr(mgh il lllrLY

1 Il;lr of ils s~’ll)t]inlkm c(mwoller. ‘1’hc hydr(~gcn prcssurt is conlrolkd wilh; n t n

by a prcssllrc c(m[rol syslcm, m(l lhc hy(lrogcn is ~’ir~wl;l[cd by il high slwlxi

crm[rif[q:nl lump in Ihc rc[m-n kg of [iw cimui[.

‘Illc lill[ii(i-[llcll]:l[lc syslc[ll is cxxkd hy u !%ilips-Slirling L-yk-luImk-him’ LNIXII)IIS~,)1’

;Ilx)u[ 10(M)W ill 100” K. ‘Ilc lllclh:lnc pmsurc is c(mmlk(l :1[ 4 hm :ll)soltl[t” 10

riliSC ils Ix)iling [ClllpCrillilrC It} 130 K. (’ir(lllilli(~ll is pr(wi(icd hy il high s])~lxl

ucnlrifup.;ll pump in [ht. Ilow si(lc (d’ [hc uir~wil, ‘1’wo 5(1 nm-r(m lilll.rs ;Ir(. 1)11111111111

IIIC cilvuil rc[urn k’~, illl(l t~[lll)~+ril!lll’r lm(m[rol is pr(wi(lml hV il[l clc(’lric-;ll 111.ill(”l

(Irivcn ihr(m~h il lhrm-kvml l’(mmdlcr in rcspmsc I(J il pl;lli[lml IIwrrl](nll(.11.r

sensor,

I AN S( ’1: tI,I\ ;1\lll!’l(- ll(lIIII! tIV(h{q’,IvI l1104h.I; ltol” olI(’Id:III!! ;II .’[] ~ :11111;I l)ll’s>’tillll’

01 ;11)0111 (1 IMII” ;Il)vlllll(. III(. 1(’lllj’,(’l;llol l\ ;1 (.1’1 111111,111,)(1111(11 1[)1 111(’ 1)1111 )(1’.,.

\vlll(”ll ll\(.\ l\v(l(’(lllllll(~\,.ill\ \\ ’l Ill 1111 ,A’1),11,1[(11~, ;Ill(l [\\(l 1(.( 11)11 )( ’,111111, (.\ll,lll,,loll

(.llj’ 111(.\ li\”{ll(ll’(’11 l“, ,’11(’111,11(11I)\’ ,1 {[ M!() 1{1’AI (1.11111111:’,11 11,11111), \\”l,ll II 1’, Ill 111(

011[1(’1 11111’ {)1 [11(. ‘., ,.1(”111 l!”lll; )( ’1,11111(. (Iulllld l’. lllll\”l(l(’{1 lJ\ ,111(’1(’, Ill, ,11 !1,’,11,1



)-, 1.AN.Y( “i.’ (JI’I)A7”E

‘l”his will involve rcs[ruc[uring of [hc [iirg~[ -[]](xlcr~[or-rctlcu[ or” (’I”MR) uppr

shicl(ling :m(i possibly smnc of the lower shicl(iing. ‘l-his will aff(ml [hc

oppormnily 10 regroup [hc VilriOUS fctxi pipes iilltl [r:msfcr lines 10 improve [hc

intcgrily of [hc upper shieldilig. 1[ will also enat)lc more pmfu-ml I-OUICSu) IN

[:lkcn for lhc [ransfcr lines [() imprc ~c dwir flow chariwlcrislics,

“1’hccxisling tollr-tl(lx-[fill)-lll(xicfillor” windows mighl h rcslruclurcd for cryl)gl 1~11.

(Icviccs, dcpcmling 011lhc CXpCrilllClllill progrillll rcquirwncnls. ‘llw lwo Ill(xl(’rillor

w’ild(}ws il(ljill’Clll [() IIIC upper lllll~!ikll [illgd will plol)ilhl~ IX op~lll’(1 (11),S1’lm

I;ig, (). ‘[’W() (:r tour lllC[llill)C lll(XICril[orS ilrc p)ssildc, (qwr;iling ill t)llc (u IU’t)

l)ili I”S. lhCh plir Wolll(l SIIMC ;1 rcfrigcrnlor rcprcscn[ing il hCil[ Ioilll 01” ill)otll I 200”

w ;1[ I(N) K.



‘1’hc I.ANS(Y1 lllii~hi[~~ will k dclivcrcd sui[:d~!y nmiiliui [o :lvoid Ihusc

rcqt;ircmtn[s. ‘l-hc h~iit cx~’h:lngcr will IN (in coiicd pipe Asign wi[h ii h~w[~’r

WOIIIl(j hc[wccIl []1~ ~olls ~jl]rl[lg nuln(lf:lrlurc. A v;l~.~ltl[ll-illsl]l:~[uj llcad will h;Iv(I

4tNh i:.lcl nnd tm[lcl pipes Irolll Ihc c(x)iing coil hnmgh[ (NI[ [hrmgh il uoIIIInt)Il

side p)fl in lh~ Vil(’1111111ChilIllhCr. ‘1’his will CIlillllC lhC VilUllll[ll C1’,ilIld)Cr10 IX

in[cgriiux.1 inl,) ttw nl;lill pumping syslun. Vilrioll!i il(!(hlk)ld in[crlwks WI]! ill!io ~)1”

il(l(k’(! Iogc[llcr w;lil il rrll]tm cxm[r[d l“ilCilily Iiw [IIC helium ~il S rcfrigcrilnl lllCSs(llr.

scc I:ig. 8.

.; ( ‘Ih’( ‘( JIJI’I’0R,5 FOR ( ‘h’Y()(;}:NI( “l,Ic)[III)

‘I”hc Ciri”lllill(mS usml li)r I)olh 01” [Ilc 1S1S cry[~gcllic m(xlc~lltws were (Icvch)l]r(l

1“1-1)111I)hilil)s unils (Irlglll;llIy [lc.si~!lll.fl tutu”jmlq)i[l~ high prcssuru t-oh! Ilr]iillll ~:;I\
,,

ifl twill [rilnslcr cilvuils, ‘I”hr:’ Usc O sl;lll(l;ir(l hi~!h qmlily 5(1 I [z Illwc I)h:lsc lll~)lor

{)lv.’ril[il}}! :11.100” I Iz, [(~ ~ivt. ;I I-l)[;t[itvl;ll SlWLYl of” II+(H)” R1’hl. All (.x[(.llsi(jll (II” III(’

II NII(II- sII; II”I(Q;llrics [II(s tw~’IIIuIIg Iwtllll i[lq]l.llrr. ‘1’llr ullil is buil[ il~lt) il l)l”rsslll(’

V(’\\Vl lX’L”:lllStm il (1[)1’1’;1[1’.$Ill Illt’[l];ll]r ~l;ls, wlliul] 1“[)1’[lls;I sl~l;l~’ lM~-h~[ co[]ll(m(’[~’(l [(1

IIIIC II I;IIII \ysIrIII. A SlmtI(III(l;IIyK(IIII;II? II II(’111 II IILuI wi[ll ;III ill(.n I:;IS W;IS {lli~:ill;lll\

I(mllllll”(m(l il\ il \’11”(’l\ lll(-il\lll”(’ Ill 111(’ (’Y(’111 1)1’il lll(’lllilll(m 1(’ilk, ‘1”11(”(’0111[)1(”1(” 0111(”1

\’(’\\(”l \v,l\ 1,11[”11(’(1(’\ly,ll(’11 111111((111101;11(” : ill\ }’.;1’3 I;l(’h(’l. !’1(”. IIIV Illllll(n’ill!’ (’;1’!!’ (It

‘!(”l\”l( III!’ “111(’ 11(’,l\ 1(’1 (llll\’ 1)1 1)111111)111;”1(’1,111’\’(”l\’ ll\”,l\’\’ 11(1111(!’, 1(”’,1111(’(1Ill 1)(”,11111,’

‘!111}\41111111111(”111011111111 )1.’,, \\lll(”ll ( ,111’(”11 111! ’11 l(’llll)t’l ;lllll (”) ,111(1 1(1!’.01 1111111( ,1111



with prcma[urc bearing fiiilurc. I’hc renwiy was [o d:imp h)[h inner :imi ou(cr

bwring l_ilCCSwi[h ring nuts, chc bearing itsscmb]y furks[ from lhc i[lllwll~’r h’ing

cm-id by a [hi n nwul aiaphrqyn [o accommock thcnnid mid m(NWmCIII.

Untbrcuniucly, his [Iwnndly isolti[ui che bctaring leading to ovcrtwuing. ‘I-hc

source of this hew, however, is probably not purely frictional, bu[ mighl WCII

cki~c from tie wwwform genem[exl by a newly ins[a]ld [lltu]cl-frc~lllcl~uy invcmr.

This is now under investigation, see Fig. 9.

I’he cimul:m)r used for liquid hydrogen in the LANSCE nmdcril[or runs i~[ u mu~.11

lower sped. Ttw impeller is correspondingly liwgcr, but in plil~-~ of [hcoverhung

shid”l i:; a long drive shaft with a cold hewing at [he impeller cnd ~ This hearing

makes I hc whole design much more flexible and results in ii device with very qnuch

Iongcr lift imd grt!.il[cr reliability. ‘Ile betaring is manufiic[urcd by Bmfetl Prc(.isiou

and is pl”imarily for high [emperamre application. A dry lubri~il[l[ is sinumxl in[~)

[hc ~il~~ m~[~riii] which sheds dry lubricimt in operition. ‘Ilc I.ANSCE uiruul;l[t)r

rcrn~incd s~rvi~~i~bl~ ;t!wr npproxima[ely 1(),(MM)hours opcrn[ion. ‘l-IN* m:lxinlul)l

Iwu-ing Iitc ii~hkvd wi[h ;hc ISIS high speed uni[ is around 25(IO ht)urs, bu[ (Iw

iiv~rii~~ i:i much Icss. On [hc other hand, lhc Iat[er am snmllcr, ligh[cr, iill(! ~ils~~ [~)

rcpl;l~’c.

.!. (it:N[:RA1. 1A Yoll”l” of” l,AN.S( ‘1.’( ‘RY(XI’[:NI( ‘ [:~)[lll)hf[:N’l’



.5, RADIATION DAMAGE 10 IWETiiANE

Liquid nw[hane undergoes moltxxlar chilng~s in ionizing mdi;uion. lmng ~h;lin

hydr~iubo[ls wc formed initially faking the foml of yellow oils belonging m [hc

paraflln group. Further rddialion would probably result in the evcnluid fomm[ion

of solids. The bun-n current c! 1S1S is now 1(X) ILA, and subs[an[i;d Icvcls or [hcsc

paraftlns arc being prcduce.d. This does no[ upptmr [o impilir [he ncu[ronic

cfllcicnc y of [he mmkramr, but will uh imately rcsull in d bl(~kil~~ [hilt wi II t)c

cxwcmcly dit,lcult 10 remove. Most of the impuri[ics urc probubly in solution with

dw mc[hane liquid, but on warming up, the mc[hune will bc boiled off Icilvillg [hc

impurities behind as viscous liquid. Furthcmlore, ii k likely thiit sup~rsiiiurti[d

Icvcls of impuri[ics will he produced. ‘1’hc pnxm films arc thcrcforc of linlilc4i

VillllC under Such conditions, ilS Some form Of conlinmus scpmuion illld rcmov:ll i S

required. This coLild lx nmdc possible by vaporizing [he nw[h;uw by raising i[s

[ClllpCriltL1l’c or lowering its pressure imd isolitling [hc liquid impuri[ics, scc I:ig 12

w-d 13. I]u[ cidwr of [hcsc options would require dcvclopnwn[ fumls, A simpler

mc[hod could IX m ccn[rifugc lhc liquids imd rcm(wc Ihc hCilViCr fracli(m with ii

Pilot ttikw. ‘l”his is worthy ofextimiuil~ion since r~lil[iv~ly small (lcv~lopI]wI~t cOSIS

w~mld lx rcquimi, scc I:ig. I 4.

(1, (Y) MIIINI;I) (’I I.@ 12 MOIY:RA’1’OR”

A s~l)iilii[~’ rcpt)rt Ilils !)c~tl wri[tcn ul)OUI (his kl~ii which is I);Isc(I 011 S(N1lC

CIClllCll[ill”y L’illCUlilliollS wllidl il)diL”illC tllill tllcrlll(ulyl];ll]lic;llly s(lc”llil SYSICIII is

I’c;lsildc. 1I(wvrvc’r, (xmsidcriiblc cXl)crilllClllil[ ion ;111(1(11’vclol)[lk’lli W(l[ll(l 1)(.

IIcc(I(xI [(} IIIHI IIIC i(lc;l in[() ;I working \ys[~[ll ;III(I ii stll(l~ ol”III(. [Irll[lollil. }:;lills

WIUll(i ll;lV~ IX’ L’V;IIII;IIC(ItlL’fol”Cil (I(x.ision (’iIll IIU Ill:l(k’, S(IS l;i~:.. 15.
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